The paper first presents a 10-year outlook for major Asian dairy markets (China, India, Indonesia, Japan, South Korea, Malaysia, the Philippines, Thailand, and Vietnam) based on a world dairy model. Then, using Heien and Wessells's technique, dairy product consumption growth is decomposed into contributions generated by income growth, population growth, price change, and urbanization and these contributions are quantified.
Introduction
With strong economic growth, population growth (see Table 1 ), and a shift toward higher-valued foods and livestock products, Asian dairy demand has been expanding dramatically. Compared with Western countries, however, Asian dairy per capita consumption is still relatively low. This fact implies tremendous potential for future growth in Asian dairy demand and consequently in domestic supply and world trade.
Given this situation, however, very few studies have been conducted to project future Asian dairy markets and determine the forces driving Asian dairy consumption. The existing studies include Rae's (1997) projection of dairy consumption in East Asia for the period 1992-2002. In his study, Rae finds that total consumption of dairy products may increase in East Asia, and such an increase is mainly due to rises in per capita consumption or population growth. The limitation of this study is that the projection only takes account of changes in population and per capita expenditure. Other factors such as relative prices and urbanization are not included. In addition, it is outdated. Ma and Rae (2003) make projections of China's dairy products consumption by 2005 but with problems similar to those in Rae's study. To fill the gap between these limited studies and the continuing prospects for strong demand and dynamic changes in Asian dairy markets, this study aims to provide an outlook for major Asian dairy markets and an improved understanding of the demand for dairy products, which are essential for future policy analysis. This paper has three objectives. The first is to present a 10-year outlook for major Asian dairy markets for five product categories (fluid milk, cheese, butter, non-fat dry
[NFD] milk, and whole milk powder [WMP] ). This outlook is based on projections gen- Note: Population is in millions; real GDP and expenditure are in billions of U.S. dollars; CPI=100 for year 1995.
included, namely, China, India, Indonesia, Japan, South Korea, Malaysia, the Philippines, Thailand, and Vietnam, of which Thailand and Vietnam are additional to the original 2005 FAPRI outlook. The second objective of this paper is to evaluate the impacts of determinants of dairy demand and their roles as the primary sources of demand changes.
Following Heien and Wessells (1988) , dairy product consumption growth is decomposed into contributions generated by income growth, population growth, price change, and urbanization, and these contributions are quantified. The third and final objective is to evaluate the impacts of alternative assumptions on income and technology changes in Asia on Asian dairy consumptions and world dairy prices. These impacts are quantified by running stimulations using the FAPRI world dairy model.
This study finds that Asian dairy consumption will continue to grow strongly in the next decade, and the growth is expected to be driven mostly by the Asia's income and population growth. The negative effects of elevated world dairy prices on Asian dairy demand are expected to be relatively modest. Moreover, the income growth in Asian countries will not only increase Asian dairy demand but also raise world dairy prices; technology improvement, which increases domestic supply, will dampen world dairy prices and in the meantime boost domestic dairy consumption.
The next section briefly describes the situation in the Asian dairy industry to date and is followed by a summary of the outlook for Asian dairy markets over the next decade based on the model projections. The third section presents the decomposition analysis of Asian dairy demand changes, and the fourth section analyzes the impacts of income and technology changes on future Asian dairy consumption and world dairy prices. Finally, a summary of the results for the analysis is presented.
The Asian Dairy Industry Situation Dairy Consumption
The Asian diet is relatively low in meat and dairy foods, and plant-based foods contribute the core of the daily intake. Besides dietary habits, lactose intolerance discourages many Asian people from consuming milk. The history of Asian dairy consumption is very short (Song and Sumner 1999) but with an upward trend. Table 2 shows the per capita dairy consumption of Asian countries in selected years. The average per capita dairy India. Japanese and South Korean milk consumption grew rapidly prior to 1990, concurring with the countries' fast economic growth and boosted by their school milk programs.
After 1990, the increase in milk consumption slowed considerably, and the consumption has recently reached a mature stage. However, cheese consumption in the two countries has just begun to grow, increasing from 0.4 kg per capita in 1970 to about current 2 kg per capita in Japan and from negligible amounts in 1990 to currently over 1.2 kg per capita in South Korea. Cheese consumption in these two countries is mainly boosted by the rapid growth in fast-food and pizza restaurants as well as aggressive sales promotion and educational campaigns (JETRO 1999) . However, butter consumption is still very limited, as butter is only used as a spread for bread (Campo and Beghin 2005) . Japanese and South Korean consumers today are more conscious of quality, safety, taste, and freshness of dairy products.
Compared with Japan and South Korea, other Asian countries, which share a number of cultural, agricultural, and dietary habits in common, are expected to experience similar changes and increase their dairy consumption as their income grows and dietary preferences shift.
China's dairy consumption has increased tremendously. The strong growth in China's economy, contemporary urbanization and Westernization of their diet, and the improved awareness of dairy nutrition as well as associated transformations have facilitated China's rapid growth in dairy consumption (Fuller et al. 2005) . However, China's dairy consumption is still one of the lowest in the world, as these changes are slow across the country. In addition, a weak infrastructure for distribution limits consumers' access to fresh products, especially for people living in small cities or rural areas. Currently in rural areas, milk is still considered a product for infants and the sick (Zhou, Tian, and Zhou 2002) , while it is changing from a supplement food to a daily food in urban areas. The majority of Chinese dairy consumption takes place in metropolitan areas. And sugar-added WMP is being replaced by liquid milk and formulas for different ages and different nutrition-deficit groups. As Chinese supermarket chains with centralized distribution and procurement and door-to-door delivery develop, and given expanded operations of individual chains, dairy processors will have access to consumers throughout China (Fuller and Beghin 2004) . Moreover, with the help of the government's school milk program and other promotional activities, milk consumption is beginning to develop in other areas.
Milk and dairy products are an important source of protein to a large segment of the Indian population, as approximately 210 million Hindus are lacto-vegetarians (Bhaskaran 1996) . Dairy products have considerable symbolic value in Hindu religious and social life. In addition those who are lacto-vegetarians, it is estimated that 300 million Indians cannot afford meat products and consequently have to depend on milk and dairy products for their dietary protein requirements (Bhaskaran 1996) . Therefore, given their dietary habits, the cultural significance of milk and dairy products, and their income levels, Indians have a great propensity to consume dairy products. Given the growing urban population, increasing consumer income, and changing lifestyles and food habits, demand for value-added and Western-style dairy product like processed cheese and (Murphy and Tisdell 1996) .
As in other Southeast Asian countries, dairy consumption is not traditional in the Vietnamese diet. Vietnam has the least consumption of dairy products in Asia. But over the last decade, rising incomes, increasing numbers of tourists, and increasing availability of dairy products have led to a rise in Vietnamese dairy consumption, especially in milk powder consumption. The Vietnamese consume very little butter and cheese, less than 0.1 kg per capita. And milk remains beyond the means of most poor rural households. Table 3 shows milk production statistics for the major Asian dairy-producing countries. In the last three decades, milk production in China, India, Indonesia, Japan, South Korea, Thailand, and Vietnam grew rapidly, while Malaysian and Philippine milk production has been stagnant or declining.
Dairy Product Supply
Developments in both Japanese and South Korean milk production have been boosted by extensive government support programs and economic growth. The dairy industry is the most highly assisted livestock activity in Japan (Zhang, Kilmer, and Muhammad 2003a) . The Japanese government changed from deficiency payments, which subsidized producers with a guaranteed level of milk prices, to direct payments in 2001 (USDA 1999b). This change was intended to allow dairy cooperatives and dairy processors to negotiate fluid milk prices directly. However, because dairy cooperators remain powerful, prices are still maintained at higher levels (USDA 2004b). Separate quotas for drinking and manufacturing milk are maintained to prevent market surpluses and price instability. Japan has the highest milk yield per cow in the world. Its dairy cow numbers kept declining over the last decade, averaging 1 percent annually. South Korea's milk production in 1980 was eight times as much as it was in 1970, and milk output in 1990
exhibited a four-fold increase over 1980 levels. The development in the Korean dairy sector was attributed to a government support program called the 10-year Integrated Dairy Development Project, which aimed to expand production by providing financial support to farmers and by establishing dairy processing facilities (USDA 1996) . The Korean dairy industry has matured over the last 10 years. Larger farms, modern equipment, and better feeding and management practices have improved productivity, resulting in some milk production surpluses. However, limited domestic processing capacity, unreliable local supplies of raw milk, and high raw milk prices have encouraged imports of dairy products. Both Japan and South Korea utilize import quotas and tariffs to heavily protect their domestic dairy processing industry.
Over the past three decades, China's dairy industry has blossomed from near nonexistence to become one of the world's leaders. Its milk production has increased nearly ten- Currently, the top five producing areas, Inner Mongolia, Heilongjiang, Hebei, Shandong, and Xinjiang, account for 70 percent of China's total cow milk production (Fuller et al. 2005) . One characteristic of China's milk production is its small scale. About 60 to 80 percent of raw milk production originates from small household farms, which typically have two to five cows each and low cow yields. With small-scale production, quality control becomes difficult. Because of concerns about the quality of domestic dairy products, well-off consumers tend to prefer foreign products. A tight milk supply is another constraint for the dairy processing sector. Coupled with sanitation problems, dairy companies have had to rely extensively on imported milk powder as an important supplement to raw milk.
There was substantial growth in Indian milk production in the 1980s and 1990s. The increase in milk production from 22 million metric tons in 1970 to the present level of 91 million metric tons has been largely attributed to organized marketing of milk, popularly known as the "Operation Flood" program, by forming milk producers' cooperative societies in major milk surplus areas (USDA 1995; Sharma and Gulati 2003) . This program helps farmers market their milk at stable prices throughout the year and supply adequate fluid milk to urban consumers. At the same time, the government concentrated its efforts on improving the productivity of native cows by artificially inseminating them with imported semen and improving the productivity of various indigenous buffalo breeds by cross-breeding them with semen from high-yielding breeds (USDA 1995). India's milk pricing system is based on fat content. Buffalo milk, having an average 6.9 percent fat, obtains a premium over cow's milk, which has a fat content of 4.2 percent. Buffalo is a major source of milk in India, with this milk accounting for over 55 percent of Indian milk output. Despite India's rank as the largest milk producer in the world, the Indian dairy industry is dominated by smallholders with an average of two to three cows, which are vulnerable to either low rainfall or excess monsoon rains. Organized industry accounts for less than 15 percent of the milk produced in India. The rest of the milk is consumed at farm level or sold as fresh, non-pasteurized milk through unorganized channels (Rabobank International 2002) . The organized industry has great potential for growth.
Since the cow is revered by the majority Hindu population, the culling of cows is banned in most parts of India (Bhaskaran 1996) . This situation, along with a scarce feed supply, results in an overstock of cows and low milk yield per cow in India.
Southeast Asian countries do not produce enough fresh fluid milk to satisfy their fresh milk needs. The dairy industry has been plagued with problems in cattle feeding systems, farm management, herd replacement quality, acquisition and distribution systems, and unfavorable weather. Although Southeast Asian governments have provided some aid, such as technical assistance and financial support, those programs do not have the expected results.
Indonesia's domestic milk supply is primarily sourced from small dairy farmers with two to three cows each. Problems such as low productivity, poor milk quality, and a short lactating period for dairy cattle are common to dairy farms. Programs supported by the government and private enterprises to increase milk production have not produced satisfying results (USDA 2003b; Riethmuller et al. 1999) . Domestic milk production supplies only 35 percent of the total national demand (USDA 1999a). In contrast to the small scale of dairy farms, the milk processing sector is made up of large and competitive companies (Riethmuller et al. 1999) , which process roughly 80 percent of fresh milk produced in Indonesia (USDA 1999a). Indonesia does not produce butter, cheese, and NFD. Domestic fluid milk production is primarily used for WMP production. The Indonesian dairy industry relies on milk solid imports, primarily NFD, to meet domestic demand.
Dairy husbandry and milk production are not indigenous to Malaysia. A small dairy industry was started largely by immigrants from India at the beginning of the twentieth century when they brought in their cattle herds. Milk production has been concentrated in the areas of rubber and oil palm plantations (USDA 1999c). In 1971, the Malaysian government introduced the New Economic Policy to support the development of the domestic dairy industry. The government established and operated numerous large dairy enterprises and a system of centralized milk collection centers. In the later 1990s, 60 percent of milk produced was collected and sold through official milk collection centers, and about 65 percent of milk from the official milk collection centers was used for domestic dairy manufacturers (Zhang, Kilmer, and Muhammad 2003b) . Currently, the Malaysian government supports the domestic dairy industry through direct investment in farms, school milk programs, and restrictions on entry of imported dairy products (Zhang, Kilmer, and Muhammad 2003b) . Despite various attempts by the government and the private sector to expand the dairy industry, it has remained small. Major constraints include low lactation and reproduction performance, the hostile tropical weather conditions, the high cost of quality feed, and poor farm management (USDA 1999c). Malaysia has the lowest milk production per cow in the world, with an average of only about 410 kg per year in the last decade. Currently, only 5 percent of the milk requirement in Malaysia is met within the country (Zhang, Kilmer, and Muhammad 2003b) . Malaysia does not produce other dairy products, such as butter, cheese, NFD, and WMP. Therefore, it heavily relies on imports to meet the domestic consumption. The local dairy products are produced by reconstituting and blending imported milk powder and other ingredients or just repackaging imported products. Investment in the dairy industry in Malaysia is considered to be a risky business and the prospect for future growth is not bright (USDA 1999c).
Only 1 percent of total milk demand in the Philippines is met within the country. To The Royal Thai Government has promoted raw milk production through price guarantees for raw milk, an import quota allocation for NFD, and a school milk program (Hall, Ehui, and Shapiro 2004) . Since the average prices for raw fluid milk are higher than the average production costs, dairy farming is generally profitable (USDA 2004c).
Meanwhile, increased consumer demand stimulated by rapid economic, population, and tourism growth have boosted milk production. Milk output has jumped from 30 thousand metric tons to 825 thousand metric tons and the number of cows has increased from 15 to 285 thousand head since 1980. Low productivity, poor management, and endemic livestock disease, however, remain the most common problems in dairy farming in Thailand (Murphy and Tisdell 1996; Hall, Ehui, and Shapiro 2004; USDA 2004c) . Particularly, diseases of intensification (for example, mastitis, reproductive disorders, and lameness) are considered to be primary constraints to the Thai diary sector (Hall, Ehui, and Shapiro 2004) . Milk yield per cow averaged less than 3,000 kg per year in the last decade, which was partly due to the small size of farms, limited technology, and inappropriate dairy breeds. Domestic raw milk supplies currently meet only half of the total processed fluid milk demand (USDA 2003d) and the rest is supplemented by milk powder. As Thailand does not manufacture NFD and WMP, its consumption is totally sourced from imports. 
The Outlook for Asian Dairy Markets
With the fast-paced economic growth, urbanization, population growth, shift in consumption patterns, and modernization of marketing infrastructures in Asia, it is expected that a substantial increase in dairy consumption will be stimulated and this growth will provide prominent opportunities for world dairy exporters. To capture the dynamics of Asian dairy markets and provide some basis for future policy analysis, an outlook for Asian dairy markets seems pivotal. To fulfill the task, several 10-year projections for
Asian dairy markets are generated using the FAPRI international dairy model. Initially, a 10-year baseline is established. Then the model is shocked with alternative income and technology assumptions.
The FAPRI international dairy model is a partial equilibrium, multi-market model organized along commodity lines with country or regional modules. It contains equations for five commodities: milk, butter, cheese, NFD, and WMP. The detailed model explanation is available on the FAPRI Web site (http://www.fapri.iastate.edu/models). The projections provide a 10-year outlook for world agricultural production, consumption, and trade, assuming continuation of current agricultural policies, average weather conditions, and historical rates of technological change (FAPRI 2005) . Table 4 Note: Indian milk production includes both cow and buffalo milk production while for other countries milk production only includes cow milk production. Milk consumption includes cow milk and other milk consumption.
In the next decade, cow numbers are expected to decline continually in Japan. The improvement in the productivity is expected to offset the decline in the cow numbers, and milk production is expected to increase negligibly. There is an expected sluggish growth in Japanese milk consumption, with only 3 percent growth in 10 years as milk consumption is saturated. Cheese is the only product projected to increase noticeably in consumption, by 16.5 percent, mainly driven by the use in food service and prepared and processed food sectors. As milk output remains leveled and fluid milk consumption increases slightly, milk used in manufacture decreases. Consequently, imports of dairy products are expected to increase, especially imports of cheese, which are projected to increase 24.5 percent over the baseline. South Korean milk production is projected to increase 1.4 percent annually, mainly generated by improved productivity. South Korea's per capita milk consumption is expected to stabilize at around 33 kg in the next decade, and per capita cheese consumption is projected to increase by 37 percent, reaching 1.8 kg. South Korean cheese imports are projected to increase by 48 percent over the next 10 years. Its NFD imports are constrained by its import quota. As in Japan, butter is still not popular and its consumption is expected to remain stagnant in South Korea.
To meet domestic demands for dairy products, China is expected to significantly increase milk production. In response to efforts by the Chinese government to encourage milk production through better genetics and herd management, Chinese cow yields are expected to increase 3.1 percent annually over the next decade. Rising yields combined with a steady expansion of China's dairy herd result in a projected 4.5 percent annual increase in Chinese milk production, with the level reaching 29 million metric tons by 2014. More than 50 percent of the raw milk output is expected to be directed to fluid use, and nearly 28 percent will be processed into WMP over the next decade. Although urban milk consumption increases dramatically, rural milk consumption is still projected to stay low at about 1.5 kg per capita by 2014. As domestic WMP becomes more abundant and as consumers substitute fluid consumption for milk powder, WMP imports are expected to decrease over the baseline by 13 percent. Chinese milk, butter, cheese, NFD, and WMP consumption are projected to increase 60, 34, 29, 45, and 37 percent, respectively, over the next decade. Increased dairy consumption stimulates increased imports of dairy products. Chinese butter, cheese, and NFD imports are expected to increase 50, 123, and 19.5 percent, respectively, in the next decade.
In the projection, Indian cow milk production grows 1.6 percent and buffalo milk grows 2.6 percent annually for the next 10 years. The slowdown is caused by limitations in feed and fodder as well as an overstock of cows and low milk yield per cow. Buffalo milk accounts for over 55 percent of Indian milk output and is valued for its high fat content. Roughly 40 percent of raw milk is expected to be directed toward fluid use in India, and the remainder will be processed into butter and other fresh products. Indian butter production is projected to increase 25 percent or 635 thousand metric tons, which accounts for about 64 percent of the growth in the world total butter production. Despite this rapid growth in production, the demand for butter in India is predicted to exceed supplies, leading to limited butter imports throughout the baseline. Indian butter consumption is projected to rise 29 percent in the next decade. As a by-product of butter production, Indian NFD output is projected to increase 57 percent during the projection period, and India's NFD exports are projected to grow 17 percent annually.
In response to governmental efforts and strong demand growth, significant expansion in milk production is expected to occur in Southeast Asian countries, although starting from a very low level. Low productivity, poor management, the small scale of farms, inefficient acquisition and distribution systems, and unfavorable weather will remain as major 
A Decomposition of Dairy Product Demand Changes
With the significant growth in Asian dairy demand, it is natural to ask what the driving forces are behind the projected growth of Asian dairy consumption. Projected changes in demand over time account for all of the changes in factors affecting demand, such as price, income, and demographics. For analytical purposes, it is useful to evaluate the effects of those factors separately and then identify the driving sources of the demand changes. Partial elasticity analysis cannot provide accurate information about demand changes because it measures changes in a ceteris paribus manner (Karagiannis and Velentzas 2004) . Therefore, it is necessary to undertake a decomposition analysis of demand changes using an alternative framework.
Using Heien and Wessells's (1988) approach and based on the demand equations in the FAPRI models, projected changes in the dairy demand over time are decomposed into the following effects: price, income/expenditure, Consumer Price Index (CPI), exchange rate, and population. Given the fact that some Asian countries, more or less, depend on imports to meet domestic demand, the exchange rate affects the dairy demand through the import prices. And CPI is introduced into the equations by deflating prices.
Consider a country's demand function for the ith dairy commodity, ) (x i i y y = . In this function Χ is an (n i ×1) vector of independent variables that affect the country's dairy demand. Based on Heien and Wessells's approach, the annual rate of change of the total is the elasticity-weighted sum of the annual rates of change of independent variables:
where r (⋅) is the annual rate of change of the corresponding variable and ε ij is the demand elasticity with respect to the independent variables, . The decomposition analysis results are reported in Table 5 , which gives the contributions of the changes in affecting factors to projected dairy consumption growth in the next 10 years. It is assumed that the world price is exogenous to the countries, which implies that Asian countries are small players in world dairy markets. Predicted values in Table 5 give the predicted annual rates of growth in quantity consumed by each country over the 2005-2014 period, which is the sum of all rows in the same column for each country; and the actual values in the last row give the actual rates of growth, which are calculated directly from the projections. The discrepancy between the predicted and actual values is caused by the adjustments in the model, which aim to accommodate some factors not included in the model, and by the approximation, which uses the first difference in equation (1) as well. The income or expenditure effect is positive in all cases, as all commodities are modeled as normal goods in the FAPRI model. The magnitude of income or expenditure effect among commodity categories is different because of differences in income or expenditure elasticities. Because of the significant gap between urban and rural area, China's milk and WMP consumption are categorized into urban and rural consumption. 2 The contribution of the change in China's urban expenditure is projected to be greater than other components for the growth of Chinese milk consumption, while the contribution of the change in rural expenditure is projected to be greater than other components for the growth of Chinese WMP consumption. The effect of the increase in expenditure is also expected to be the main driving force in Chinese other-dairy-demand growth, explaining more than 55 percent of the overall demand change over the period. Urbanization does have a positive effect on the growth of Chinese milk and WMP consumption, as the effect of urban population growth is projected to outweigh that of rural population growth.
Population growth is projected to have a systematic positive effect on the growth of dairy demand. In the next decade, Japan's population will trend downward but the increase of per capita consumption of dairy product is expected to outpace the decline of population.
The driving force in the change of Japanese dairy consumption is going to be the growth of real gross domestic product (GDP). It is expected to explain over 80 percent of overall dairy consumption growth. Population growth is expected to be the main driving force in explaining the changes in Indian milk consumption. It is expected to account for 72 percent of the changes in Indian milk consumption. The growth of real GDP and population are expected to be two major factors affecting Indian butter consumption. They are expected to account for 45 and 40 percent of the growth in Indian butter consumption, respectively.
The growth of real GDP is expected to be far less important in milk consumption change than in butter and NFD consumption changes in India. In other Asian countries, population growth and real GDP growth also turn out to be the major contributors to the dairy demand growth. For example, real GDP growth is expected to be the sole cause of 2.8 percent out of a total 3.5 percent growth in WMP demand in Malaysia; and population growth is expected be the sole cause of 1.5 percent out of a total 2.3 percent growth in butter demand in the Philippines. Real GDP and population growth together are projected to explain at least 60 percent of the dairy demand changes in each country.
In the FAPRI model, the Australian price is treated as the representative world price, except for milk, and solved through world market equilibrium. Since Asian countries more or less depend on imports to meet domestic demand, however, their demand levels are not as elastic in price as in income and hence the increase in the world price is ex- 
Impacts of Income and Technology Changes on World Dairy Markets
In the decomposition analysis of Asian dairy demand, the small-country case is as- Given a 1 percent increase in income, cheese consumption will increase 0.45 percent and WMP consumption will increase 0.39 percent. For each individual country or each commodity, the income shock has different impacts. For example, 1 percent growth in expenditure in China is expected to cause a 0.6 percent increase in milk consumption and a 0.4 percent increase in WMP consumption but a smaller increase in butter and NFD consumption. In addition, the income shock will cause a decline in Korean WMP consumption. Detailed individual country and commodity consumption changes are presented in the Appendix. As demand increases and supply remains stable, import demand is expected to increase and consequently push up the world dairy prices. Given a 1 percent increase in Asian income, world NFD and WMP prices are expected to increase 0.9 and 1 percent, respectively. The price changes in NFD and WMP are much bigger than the changes in the butter and cheese prices. The reason is that, as big NFD and WMP importers, Asian countries account for 40 percent of total world NFD net imports and 15 percent of total world WMP net imports. Therefore, a small percentage change in milk powder imports can cause a much bigger change in world milk powder prices than in butter and cheese prices.
With a technology change that increases the yield per cow, Asian domestic milk output is projected to increase and consequently decrease Asia's dependence on imports. As stated previously, since Asia is a big importer of milk powder, a slight change in its import levels can cause a large change in world prices. Moreover, as more fluid milk is available and substitutes for WMP consumption, WMP demand will decline more. Therefore, there are bigger expected decreases in both world NFD and WMP prices, of 1.15 and 1.95 percent, respectively. The world butter price is expected to decrease by about 2.5 percent, given a 1 percent growth in yield per cow in Asia. This substantial change is attributed to two factors.
First, India, as a major consumer of butter in Asia, is expected to become self-sufficient in butter and even be able to export some butter to the world markets given a 1 percent rise in its milk productivity. Second, as a by-product of NFD, butter domestic supply in other Asian countries is also expected to increase as NFD production increases. The surplus supply of butter is expected to decrease aggregate Asian butter imports. These two factors will pressure the world butter price downward drastically. The technology change is also expected to boost domestic dairy consumption by lowering prices and increasing availability of dairy products to Asian people. Given a 1 percent rise in milk productivity, Asian butter consumption is expected to increase the most, by 0.53 percent. Indian butter consumption will account for almost all of this increase. Other countries' butter consumptions are expected to increase from a very small basis.
Income growth and technology improvement combined can cause an increase in Asian dairy demand but a decrease in world dairy prices. This is because technology change can have a bigger effect on world dairy prices than can income growth.
Concluding Comments
The outlook suggests that both Asian dairy consumption and supply show upward trends in the next decade. The decomposition analysis shows that Asian dairy demand growth in the next decade is projected to be mostly driven by income and population growth in Asia. Although increases in world prices have negative effects on Asian dairy demand growth, the effect is expected to be relatively modest. Therefore, besides keeping the dairy price reasonable, the governments of Asian countries seeking to increase domestic dairy consumption could focus on the improvement of the domestic economy. In addition, with improvement in the domestic economy and infrastructure, transportation and cold storage are expected to improve and thus expand access to fresh dairy products for more consumers. When Asian dairy demand is increased, the world dairy price would also increase. This situation provides a good opportunity for world dairy exporters who can benefit not only from higher selling prices but also from expanding markets.
Many Asian countries' governments are trying to increase domestic milk production.
The simulations indicate that, with technology change, Asian dairy supply would increase and consequently Asian dairy demand would also be enhanced because of lower prices and increased availability of dairy products. More domestic supply, however, would decrease Asian dairy imports or increase exports and consequently would dampen world dairy prices, especially for butter and milk powder, for which prices would drop drastically. This would create a challenge to world dairy exporters in that they would have to face more competitive export markets.
Our analysis has some limitations. Diet habit changes are not captured. As in the case of Japan and South Korea, milk consumption stays stagnant after it reaches about 35-40 kg per capita. Compared with other industrialized countries, per capita dairy consumption levels in these two countries are much lower and income differences are not able to explain such between-country differences in consumption patterns. This indicates that different dietary cultures are determining factors after income reaches a certain level in Asian countries. Therefore, communication of healthy and nutritious information about dairy products to consumers is also an important factor affecting Asian dairy consumption. In addition, urbanization is only considered in the case of China because of information limitations. Southeast Asian countries are categorized as developing countries and in an urbanization process. Infrastructure and accessibility are still constraints for the expansion of dairy consumption in those countries. Generally, urban residents have more access to dairy products than do rural residents. The issues of dietary habits and urbanization need to be further addressed in the future, as more data become available on these two sources of changes. 
